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(54) Digital sensor cassette for mammography 

(57) A CCD-scintiltator x-rsy image sensor (1B) has 
a high sensitivity at room temperature and a bw profile, 
enabling the use of the x-ray image sensor in most mod- 
cm mammography x-ray machines. A cassette 10 that 
encloses the CCD-based x-ray image 6ensor has the 
approximate dimensions ot 10.5 x 7.7 x 0.6 incnes, and 
is thus form and fit compattole with conventional film- 
based cassettes. An electronic interface to the cassette 
requires hut a single cabia (24) and a standard connec- 
tor (22) for connection to a CCD sensoi electronics un't 
Tha CCD sensor eledronics unit interlaces 10 a compu- 
ter, such as a conventional personal computer or work- 
station ; - having a relatively high resolution display end a 
provision for digitally recording high-resolution electron- 
ic images. The high sensitivity at ambient (room) tem- 
perature resu!t6 from an x-ray scintillator screen (18c) 
that is coupled to the CCD image sensor (1 8a) via a bias 
cut fiber optic faceplate ( -8b). Trie CCD image sensor 
has very bw cart* current density, high rosponsivily lo 
the green fluorescence ol the screen, and multiple out- 
put ports for minimising Ihe lime required for readout 
and for minimi/ing the no:se bandwidth at tha output. 
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D*aerlptlon 

This invention rotates generally to radiography and, 
in particular: to radiographic techniques employed for 
mammography. s 

Fig. 1a is an elevational view ol a conventional x* 
ray film cassette 1 used for mammography. The cas- 
sette 1 has a hinged top cover 2 and a bottom portion 
3. The top cover 2 includes a screen 4 that is responsive 
to x-rays for converting at least a portion thereof into to 
light, typically ultraviolet or visible light, which then sen- 
sitizes a photographic film 5 During use tne top cover 
2 is closed : and an ooj9ct to be x-rayed is interposed 
between the outer surface of the lop cover and a source 
of x-iays Those x-rays thai are not absorbed within the is 
object pass through the top cover and impinge on the 
screen 4. The screen 4 converts (dealry) all of the im- 
pinging x-rays to light which then exposes the 1ilm 5. The 
cassette i, when closed, has the approximate dimen- 
sions of 10.5 x 7.7 xO.einchos. 20 

Conventional screens 4 use a phosphor such ae 
CaWO a , a broac-band emitter in the uv-olue region of 
the spectrum. However, rarG-earth-activated phosphors 
allow the x-ray dcse to be reduced by at least a factor 
of four, in order to he useful as an x-ray phosphor, the 25 
host matrix of the screen 4 should have a high x-iay ab- 
sorption and contain an activator that emits efficiently in 
the blue or green region to match the spect ra I sensitrviry 
of the film 5. The following combinations have been 
used tor this purpose: GdOS:Tb(lll), LaOS.Tb(III), LaO- so 
BrTb(lll), LaOBr:Tm(lll), and BafF,CI) 2 :Ej (II). 

Rcf erring to Fig. lb. H ha a been known to use elec- 
tronic light 6en6or6 6 instead of the conventional film- 
based system shown in Fig. la. However, for a digital 
mammography application the low fabrication yields o5 
and costs of large arrays ol Charge Coupled Devices 
(CCDs) have led researchers !o resort to tapered fiber 
optic bundles 7, 01 rninifieis. comprised ol eilhei laiye 
single bundles or arrays of bundles, with a demagniti- 
cation ottypteailyapproximately 2.5X. The tapered fiber 40 
optic bundles are used to convey light from an x-ray 
screen 9 (shown partially cut-away) to the active surface 
of a smaller CCD array 8. The reduction in CCD area, 
due to the taper, is typically a factor ol approximately 
6.25. While the taporod fiber bundle approach is a viable «*" 
technique, the overall dimensions (for example, 3x 3 x 
1 inches) of the tapered light sensor assembly has pre- 
cluded Ihe posstbiity of implementing tho much more 
desirable cassette-type ol sensoi. Thai is, the use of the 
tapered ligot sensor assembly approach does not yieid so 
an electronic imaging system tnat is physically compat- 
ible with the conventional cassettes (Fig. ta) used in 
most x-ray machines. 

Furthermore, the dark current density or conven- 
t onal CCDs at room temperature has traditionally re- ss 
quired that tie CCD array 6 be cooled during use. When 
usod with tapered fiber bundlos, even a moderately low 
profile thermoelectric (TE) cooled CCD array increases 



the vertical dimension of the sensor assembly by some 
significant amount. Another problem associated with TE 
coolers is that there tends to be a large heat load to re- 
move from the back surface ot the CCD focal plane as- 
sembly. As such, the requiremenl to also cool the CCD ' 
array 8 to reduce the dark current even furtner compli- 
cate e the use of CCDs with conventional x-ray ma- 
cnines. 

The present invention $eek6 to provide a digital 6en6or 
apparatus lor x-ray radiation which may include a CCD 
image sensor. Such apparatus may be arranged to be 
suitable tor mammography. 

A refinement ot the present invention is to provide 
a digital image sensing apparatus for mammography 
having a high sensitivity at room temperature. 

A refinement of the invention includes an x-ray sch- 
iillator screen in combination wilh a CCD image sensor 
and contained in a compact cassette housing. 

According to the invention there is provided an im- 
aging bovico : comprising a region comprised of a mo 
lerisl that is responsive to incident x-ray radiation for 
converting at least a portion of tne incident x-ray radia- 
tion hto light; a two dimensional lignt sensor array hav- 
ing a radiation receiving surface containing charge cou- 
pled device light sensors, and a bias cut fiber optic face- 
plaie interposed between a bottom surface of the legion 
and said radiation receiving surfaced the array for guid- 
ing the light to the charge coupled device light sensors 
with a substantially 1:1 imaging ratio. 

The irtvenuon maybe realized, by a CCD scintillator 
x-ray image sensor having high sensitivity at room tem- 
perature ard a low profile, enabling tho use of the x-ray 
image sensor in most modem mammography x-ray ma- 
cnines. A cassette housing that encloses the CCD- 
based x-ray image sensor has the approximate dimen- 
sions of 10.5 x 7.7 x 0.6 inches and is thus form and fit 
compatible wilh conventional tibr.-basad cassettes. 

The eiectionic interface to the cassette inquires but 
a single cabie and a standard connector for connection 
toe CCD sensor eiectronics unit. The CCD sensor elec- 
tronics unit interfaces to a computer, such as a conven- 
tional personal computer or workstation, having a rela- 
tively high resolution display and a provision for digitally 
recording high-resolution electronic images. 

Tho high sensitivity at room temperature results 
from an x-ray scintillator screen that is coupled to the 
CCD imago sensor via a bias cut fiber optic faceplate. 
The CCD image sensor has very low dark current den- 
sity, high responsivily to the green fluorescence ol the 
screen, and multiple output ports for mintmi7ingthe time 
required for readout and lor minimizing the noise band- 
width at the output 

A first preferred embodiment includes a single, 
large CCD sensor chip having an active area bounded 
by sides of approximately 60 mm x 60 mm. The CCD 
sensor chip internally provides 15x 15 micron pixels that 
can bo combined through pixel binning techniques tc 
yield effecrve 30 x 30 micron pixels or 60 x 60 micron 
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pixels. The CCD sensor chp is capable of operation in 
a Mull ; -Phase Pimed (MPP) low-dark-currenl mode. 
Four bw-noise preamplifiers can be usod, each simul- 
taneously reading out a quadrant of the CCD sensor 
chip at hipji speed. Th e preamplifiers have a scale factor 
ot approximately 3 u.V/e-. The CCD sensor chip is cou- 
pled to the x-ray sensitive screen via a Fiber optic face- 
plate that also provides x-ray attenuation . thereby min- 
imizing direct x-ray excitation m the CCD sensor chip. 
Direct excitation is oref orably avoided in tnat it degrades 
image quality, and may also reduce the useful life ot the 
CCD sensor chip. 

The fiber optic faceplate Is cut on a bias so that trie 
amount ol x-ray radiation is minimized which can pass 
through the less-attenuating matrix glass that surrounds 
the fiberopucs. and further has EMA (optical attenuation 
in the matrix glass) which minimizes veiling glare from 
the fiber optic itself. In a presently preferred embodiment 
the fiber octic faceplate is approximately 0, 1 8 inch tnick, 
thereby providing a low profile while also providing an 
adequately low level of veiing glare, an adequate 
amount ol x-iay stopping power, and a relatively low 
cost 

Suppon electronics within the electronic cassette 
provides all required CCD clocks and dc voltage levels, 
and furthei includes a pluiahty of A/D conveiteis. indi- 
vidual ones of which convert the output of one of the 
preamplifiers to an n-bit digital signal The support elec- 
tronics also programs the CCD to operate in one ol a 
number of selectable resolution modes (pixel binning 
modes). A cable con nects the support electronics to the 
external computer and conveys a standard high 
throughput bus : preferably a standard SCSI-type bus. 

Other and further features, advantages and bene- 
fits of the invention will become apparent in the lollowing 
description taken <n conjunction with the following draw- 
ings if :s to be unnerstood that tha foregoing general 
desuiption arid following detailed desciiptionare exem- 
plary and explanatory but are no-, to be restrictive of the 
invention. The accompanying drawings which are ; ncor- 
porated in and constitute a part ol this invention and. 
together with the description, serve to explain the prin- 
ciples of the invention in general terms. Like numerals 
refer to like parts throughout the disclosure. 

In order thai the ;nvention and its various other pre- 
ferred features may be understood more easily some 
embodments thereof will now be described, by way of 
exampto only, with referenca io the drawings in which: - 

Figure 1a is an elevational view showing a conven- 
tional x-ray film cassette in an opened position, 

Fig. 1b is an elevational view illustrating a conven- 
tional tapered fiber optic CCD sensor; 

Fig. 2 is an elevational view illustrating an electronic 
x-ray cassette ot tnis invention in an opened posi- 
tion; 



Fig. 3 is a cross-sectional view of the electronic x- 
lay cassette ol Fig. 2 in a closed position when 
installed v/ithin an x-ray machine: 

5 Fig. 4 is a block diagram of an x-ray system in 
eccordance with this invention: 

Fig. 5 is an eievational view illustrating a socond, 
full field: embodiment ol an electronic x-ray cassette 
io of this invention in an opened position; 

Fig. 6 is an enlarged elevational view showing the 
full field electronic x-ray cassette ol Fig 5; 

J - Fig. 7 is a simplified block diagram ol the CCD sen- 
sor chip and support electronics o1 the embodi- 
ment; ol either Figs. 3 or £; 

Fig. 8 is a cross-sectional view through a portion of 
20 tho low profile CCD sensor assembly used in cithor 
cf the embodiments of Figs. 3 and 5; and 

Fig. 9 is a timing diagram illustrating the application 
cf read-ou! clocks to the low profile CCD sensor 
25 assembly before, during and after an exposure 

Reference is now made to Fig. 2 for showing an el- 
evational view of a first embodiment of a low profile elec- 
Ironic cassette 10 of this invention. The cassette 10 is 
so shown in an opened position, wherein a hinged top cov- 
er is separated from a lower cover 14. The top cover 12 
has an inner surface 16 and is substantially transparent 
to x-rays having energies employed for conventional di- 
agnostic purposes, such as those used in mammogra- 
ms phy applications. One suitable material for at least the 
top cover 1 2 is a carton fiber based material. I n this em- 
bodiment the lower cover H encloses a circuit board 21 
lhal supports a scieen/liber optic/CCD (SFOCCD) as- 
sembly 1 6. This is considered to be a small field cmbod- 
40 iment. and the top, x-ray responsive surface area of the 
SFOCCD assembly 1 8 has linear dimensions of approx- 
imately 6 cm x 6 cm. The circuit board 21 eteo has 
mounted thereon a plurality of SFOCCD assembly sup 
pert circuits 20 and a standard D shell-type connector 
4* 22 ihat interlaces to one end ol an interface cable 24. A 
second end of the cable 24 is coupled to a computer 
(not shown in Fig. 2), as will be described in further detail 
below. 

Fig. 3 il I usttalus across-sectional view of the elec- 
50 tronic cassette 10 taken along the sectron lino 3- 3 of Fig. 
Z and with the top cover 12 closed and the cassette 10 
installed within an x-ray machine having an x-ray gen- 
erator 30 providing an x-ray beam 32. An object to be 
x-rayed, in tnis case a breast, is positioned ovei a top 
55 surface 12a of the top cover 12. The breast is com 
pressed against or over the top cover 1 2a in accordance 
with conventional practice, and is posuioned such thai 
it lies between the beam 32 and the top surface of the 
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SFOCCD assembly 1S. 

The SFOCCD assembly 13 is comprised of a large 
£rea CCD sensor chip 15a, over which is bonced a fiber 
optic laceolate 1 8b. over which is bonded an x-ray sen- 
sitive screen 18c. 

In this embodiment the SFOCCD assembly 13 has 
en active area bounded by sides of approximately 60 
mm x 60 mm. The CCD sensor chip 1 8a internally pro- 
vides a 4K by 4K array ot 1 5 x 1c micron pixels, which 
can be combined on chip though pixel binning opera- 
tions to provide an effective 2K by 2K array of 30 x 30 
micron pixels or an ellective l K by 1 K array ot 60 x 60 
micron pixels. The CCD sensor chip 18a is capable of 
operation in the MPP low-dark-current rnoce, and em- 
ploys a basis three phase clock thai transitions between 
approximately -10V to +5V. 

Referring also now to Fig. 7. in a presently preferred 
embodiment the CCD sensor chip 18a is electrically dif- 
ferentiated into quadrants (Q1-Q4), each of which has 
a low noise proamphticr 40 for reading out of tho CCD 
eeneor chip 18a the photo-induced charge resulting 
f'om the conversion of x-rays into visible light in the 
screen 16c. The use of multiple preamplifiers enables 
the charge to be read out a high speed, thereby reducing 
the affect of any dark currents generated after an x-ray 
exposure (it being realized that the CCD sensor chip 16a 
is preferably not ceded, but is instead operated at am- 
bient temperature). The preamplifiers 40 have a scaie 
factor of approximately 3uV/e-. The outputs of the 
preamplifiers 42 are input to associated A/D converters 
42. Each ol the A/D converters 42 provides a 12-bit dig- 
ital representation o1 the voltage corresponding to the 
accumulated charge within individual ones of the CCD 
pixels. The outputs of the A/D converters 42 are provid- 
ed to a suitable interface device, in this case a SCSI 
interface device 44 : which outputs the A/D converter sig- 
nals via the connector 22 and cable 24 to the external 
data processo; A clock generator 46 provides the re- 
quired clocks and com rol signals for reading out the ac* 
cumulated charge and otherwise operating the CCD 
sensor chip 16a. The support electronics 20 is also ca- 
pable of operating CCD sensor chip 18a in one of a 
number of selectable resolution modes {lor example, in 
a 2 x 2 pixel binning mode). In pixel binning 6ete of 
charge packets are grouped or combined on-chip beforo 
being read-out and sensed. Using this technique, and 
as was noted above : the SFOCCD assembly 18 is ca- 
pable of. being configured to operate with various reso- 
lutions thai include a 1 K by 1 K pixel mode, a 2K by 2K 
pixel mods, and a 4K by 4< pixel mode. The SFOCCD 
assembly 18 is capable of collecting and outputting mul- 
tiple images per second. 

The support electronics further includes circuitry 48 
lor providing all reouired DC operating potentials and 
power supplies from power leads that form a portion of 
the cable 24. External clocks and a trigger signal (de- 
scribed below) are also conveyed through the cable 24 
and connector 22 



Referring now also to the cross-sectional view (not 
to scale) ol Fig 5. the CCD sensor chip 18a ;s coupled 
to the x-ray sensitive screen 1 Be via the fiber optic face- 
plate 1 8b which also provides x-ray attenuatiorv thereby 
s minimizingdirect x-ray excitation in the CCD sensor chip 
1 5a. Direct excitation of the CCD sensor chip 1 6a is pref - 
erabfy avoided in that it degrades image quality and 
may also reduce the useful life ot the CCD sensor chip. 
The fiber optic faceplate 18b is cut on a bias (indi- 

«> cated by Iho angle G, for example, 6°-7°) so that the 
amount of x-ray raaiation is minimized which can pass 
through the less-attenuating matrix glass 19b thai sur- 
rounds the fiber optics 19a. The x-ray attenuation is in- 
dicated by Itie x-rays labeled 3 in Fig. 8. whicf i are seen 

*s to be Absorbed by the bias cut fiber optics 1 9a The fiber 
optic faceplate 16b further has extra-mural absorption 
(EMA), that is. optical attenuation in the malrix glass to 
minimize veiling glare from the fiber optics 19a. In a 
presently preferred embodiment the bias cut fiber optic 

™ tacpplatc 1Bb is approximately 0.18 inch thick, thcroby 
pr oviding a low profile while also providing an aoequate- 
ly low level of veiling glare, an adequate amount or x- 
ray stopping power, and a relatively low cost. Electro- 
magnetic radiation that is generated in the screen 18c 

& (typically light having wavelengths in the green portion 
of the spectium) is guided through the fiber optics 19a 
(as indicated by the arrows designated A) to the radia- 
tion responsive top surface of the CCD sensor chip 1 3a. 
The screen 1 8c can be a conventional x-ray respon- 
se sive screen material, such as one known in the art as 
MINR that is available from Kodak. In general, the 
screen 18c is preferably comprised of one or more high 
efficiency x-ray phosphor materials, such as the GdOS: 
Tb(lll). LaOS:Tb(lll), LaOBr:Tb(HI), LaOBr:Tm(lll). and 

25 BatRclj^EufJ!) materials referred to previously. 

The screen i8c. fiber optic faceplate 1 8b. and CCD 
sensor chip 16a are bonded together with a convention- 
al transparent optical cement to foirn the SFOCCD as- 
sembly 13. Due to the relatively small overall thickness 

40 of the SFOCCD assembly 1 6 : as contrasted with the ta- 
pered fiber optic minifiers of the prior art. the cassette 
10 enclosing the SFOCCD assembly 18 and support 
electronics 20 can have tho approximate dimensions ol 
10.5x 7.7 x 0.6 inche6 : and is thu6 form and fh compat- 
iblo with conventional Mm-based cassettes ol a type il- 
lustrated in Fig. la. 

Furthermore, it should be noted that due to the rel- 
ative thinness ot the faceplate \ Bb that a substantially 
1.1 imaging ratio is obtained between Ihe top surface ol 

so the faceplate 1 Bb end the radiation receiving surface of 
the lange CCD sensor chip 18a. This is clearly different 
than Ihe approximately 2.5: 1 ratio obtained with the con- 
ventional minifier shown in Fig. lb. 

Fig 4 is a block diagram /of an x-ray system 50 in 
accordanco with this invention. Ailhough illustrated in 
ihe context of an x-ray system U6ed lor a mammography 
application, including stereotactic needle core biopsy, 
preoperative localization, and spot view mammography 
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applications, it should bd realized that the x-ray system 
50 using Uie novel eleclionic cassette 10 of Ihis inven- 
tion is capable of other uses, including industrial inspec- 
tion, process control, and a variety of small field medical 
x-ray applications. 

A conventional x-ray machine 50 generates the x- 
ray beam 32 which passes through the breast tc the cas- 
sette 10. A portion of tnose x-rays that are not absorbed 
within the breast are convened to light in the screen 1 8c, 
the light is guided Ihrough the bias cut Tiber optic face- 
plate 13b, and is detected by the CCD sensor chip 18a 
The CCD pixel image data is read-out and provided 
through the cable 24, via ar. optional system connector 
box 25. lo a dala processor, such as a PC or a worksta- 
tion 56. The PC 56 includes a high resolution display 53.. 
a keyboard 50. and an optional high capacity digital im- 
age recorder 62 used for archival and playback purpos- 
es. The PC 56 runs suitable image processing software 
for displaying the CCD-generaled image. The PC 56 in- 
cludes a conventional frame grabber (FG) 56a Hat is 
capable of capturing and storng images of up to 1 2-bit 
signal level resolution and up to 2048x2046 pixel reso- 
lution. Programs fo<- digitally enhancing tha image are 
provided as required by the operator or radiologist. Im- 
age zooming and other image manipulation functions 
ai« also provided as teguited. 

As is apparent in Fig. 4. the electronic cassette 10 
of this invention is form end fit compatible with a con- 
ventional film cassette, and can thus be installed within 
the x ray machine 50 without requiring any physical or 
electrical modifications. 

The system connector oox 2£ also connects to an 
x-ray sensor 54 that mounts inside of the aperture-de- 
lining baffle 56 ol the x-ray machine 52. The x-ray sen- 
sor 54 is located where it can sense a substantial x-rey 
signal level with approximately the first one percent of 
the lowest exposure level and where it can do so with- 
out occluding any ol the imaging x-iay beam path. The 
x-ray sensor 54 may be attached by any one of several 
convenient means such as a clip, a magnet, etc., so as 
r.ot to require any modifications lo the x-ray machine 50. 
One suitable embodiment lor the x-ray sensor 50 is a 
reverse biased Schottky type diode, wherein an in 
crease in leakage curren* that is induced by the x-ray 
flux is detected. The detected leakage current signa; is 
employed as a trigger and gating signal to the suppcrt 
electronics 50. 

In this regard roloronco is now made lo the oxem- 
plaiy liming diagram of Fig. 9. Trace A depicts the oulpul 
of the x-ray sensor 54, which is shown as being asserted 
during an x-ray exposure period. A typical duration for 
the exposure period during a mammography examina- 
tion is approximately one second. Before the exposure 
period the clock generator 46 (Fig. 7) operates to gen- 
erate CCD road-out clocks (trace B) that are used to 
sweep out any dark current charge that accumulates 
wrthtn ihe CCD pixels. During tne exposure poriod tho 
CCD clocks are stopped, and the photo-induced charge 



allowed to accumulate. The magnitude of the charge on 
a given pixel is a funclion of Ihe x-ray nux leacning the 
overrymg portion of the screen 18c : which is in turn a 
function of the tissue density of a corresponding overty- 

* ing portion of the breast. Al the end of the exposure pe- 
riod, as indicated by the output signal from the x-ray sen- 
sor 54 being ceasaertec, the CCD clocks are restarted 
so as to rapidly road-out the accumulated charge before 
a significant poet-exposure dark current can accumu- 

w late. The use of the multiplo proamplifiers 40 and A/D 
converters 42 facilitates the rapid read-out of the expo- 
sure-related charge. 

Figs. 5 and 6 llustrate a further embodiment of this 
invent on wheieiri a plurality (e.g. ; 12) of Ihe large 6 cm 

* x 6 cm SFOCCD assemolies -^8 ara installed within a 
full field electronic cassette 10'. The full field electronic 
cassette 10' has overall dimensions, when closed, of ap- 
proximately 10.5 x 7.7 x 0.6 inches, and is thus form and 
fa compatible for the conventional Mm -based cassette 
of Fig. la. 

The multiple SFOCCD assemblies 18 are con- 
structed with liber optic faceplates 13b that are bias cut 
so that the : nput and output image planes are displaced 
laterally by approximately i mm to 2 mm. as indicated 
by the sloping edges 18dinFig.6 This allows for closely 
abutting the SFOCCD assemblies 15 into a mosaic CCD 
aray which has a minimum of 'dead space', i.e.. non- 
imaging regions: at the seams between the SFOCCDs. 
Each SFOCCD assembly 16 may be provided with the 
multiple preamplifiers 40 and A/Ds42 : which in this case 
are preferably mounted on the reverse side of the print- 
ed circuit board 21. Using this approach, the total sep- 
aration at :he scintillator (e.g. , between adjacent scintil- 
lator screens 18c) can be 20-40 microns or less. 

While the invention has been particularly shown 
and described with respect to presently preferred em- 
bodim3nts thereof it will ba understood by those skilled 
in the ait lliat changes in torn and details may be made 
therein with out depart ing from the scope and spirit ol the 
invention. Foi example, in other embodiments ol the in- 
vention the x-ray sensor 54 of Fig. 4 can be located with • 
in the cassette 10. thereby even further simplifying the 
interface to the x-ray machine. In this caso it may be 
desirable to use the CCD sensor itsetf for detecting the 
onset and termination ol Ihe x-ray oxposure period. It is 
also within the scope of this invention to input to the cas- 
sette a predetermined exposure time, and to thus begin 
the readout of the CCD pbtO'S after delaying for this pe- 
riod of time aflei delecting the initiation of Ihe x-ray ex- 
posure. Also, in other embodiments of the invention Iho 
screen 18b can be replaced by other suitable scintillat- 
ing materials and formats such as by a layer ol suitable 
x-ray phosphor material that is deposited directly upon 
a over a top surface of the bias cut fiber optic faceplate 
15b. By example, an evaporated layer of a cesium io 
dide-ba6ed material may be suitable for this purpose. It 
is also within tho scope of this invention to embed a suit- 
able x-ray phosphor material into a surface of the fiber 
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optic faceplate One technique for accomplisning this is 
lo etch the su r lace of the fiber opliu faceplate lo create 
voids, anc to then till the vobs wit n the desired scHM- 6. 
laiing materia!. 

It should thus be apparen; that the scope of the s 
teaching ol this invention is no: intended to be limited 
by only the embodiments that have been expressly dis- 
closed and illustrated, but mat instead the scope of the 
teaching ol : .his invention should be read as being com- 
mensurate with tho scope oi the claims thai follow. *o 



Claims 

1. An ima grig device, comprising: t5 

a region comprised of a material that ia respon- 
sive to incident x-ray radiation for converting at 
least a portion of the incident x-ray radiation 
into light; 20 

a two dimensional light sensor array having a 
radiation receiving surface containing charge 
coupled devic & light sensors; and 

25 

a bias tut fibet optic faseplaie interposed 
between a bottom surface of the region and 
said radiation receiving surface of tne array for 
guiding the light 10 the charge coupled device 
light sensors with a substantially 1 :1 imaging so 
ratio. 

2. An imaging device as set lorth in claim 1 wherein 
said device has a total thickness thai enables sad 
device to De installed within a housing having a total ss 
thickness of approximately 0.6 inch. 

3. An imaging device as set forth in ckirn 2 wheiein 
said housing is has at least one wall that is substan- 
tially transparent to the incident x-rays. 40 

4. An imaging device as set forth in claim 1 wherein 
said device is installed within a housing lha- also 
contains a plurality of preamplifiers lor reading out 
a iighi-induced charge from individual ones ol said 
charge coupled device light sensors, said housing 
further containing a plurality of A/D converters for 
converting electrical signals representative of the 
read-out light induced charge lo digital representa- 
tions of the electrical sicpals and means tor cou- so 
pling outputs ol said A/D converters to a cable for 
conveying said outputs to a remotely located data 
processor. 

5. An imaging device as set forth in claim A wheron ss 
said housing, has dimensions that are form and fit 
compatible with an x-ray tikn cassette ot a -ype tha; 

is installable within an x-ray macnine for use during 7. 



s rnammcgraphic examination. 

An x-ray system including an x-ray source providing 
en x-ray beam, said x-ray system further compris- 
ing: 

x-ray sensor means for generating a signal tor 
indicating a presence of said x-ray oeam; and 

an electronic imaging cassette installable 
within said x-ray beam, sab cassette navir.g at 
least one wall that is substantially transparent 
to said x-ray beam, said cassette containing at 
least one imaging device comprising, 

scintillating screen means comprised ot a 
material that is responsive to said x-ray 
beam that passes tnrough said wall tor 
converting at least a portion of the beam 
irto light: 

a two dimens bnal light sensor array having 
a radiation receiving surface containing 
charge counted device light sensors; and 

a bias cut fiber optic faceplate interposed 
between a bottom surface of the screen 
m eans and said radiat ic n race iving s u rf ace 
of said array for guiding the light to the 
charge coupled device light sensors; 

aaid cassette further comprising : 

a plurality of amplifier circuits for converting a 
light-induced charge from individual ones of 
said charge coupled device light sensors into 
representative voltages; 

a plurality of A/D converters for converting the 
voltages representative of the read-out light 
induced charge into digital representations of 
the voltages; 

mean6 lor ccupSng outouts of 6aid A/D convert- 
ers to a remotely located image display means: 
and 

timing circuit moane operable for generating 
liming signals for said array for controlling the 
read out of the light-induced charge from indi- 
vicuai ones of said charge coupled device light 
sensors, said timing circuit means being 
responsive to said signal generated by said x- 
ray sensor means for suspending the genera- 
tion of said timing signals during a time that said 
x-ray beam is present. 

An x-ray system as set forth in cairn S wherein said 
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imagedisplay means includes means for transform- 
ing the outputs ol said A'D converters io Display able 
image pixels and for storing said disptayable image 
pixels. 

8. An x-ray system as set forth in claim 6 wherein said 
scintillating screen means has a surface area suit- 
able for obtaining a radiographic image of at least 
a portion of a cres6t, and wherein 6akJ bias cut fiber 
optic faceplate relays light generated by said scin- 
tillating screen means to said radiation receiving 
surface of said array with a substantially :i imag- 
ing ratio. 

9. A method of obtaining an x-ray of an object, com- 
prising :he steps of: 

providing an electronic cassette containing an 
uncooled two dimensional CCD array having a 
radiation receiving surface that is optically cou- 
pled to an output of a material that is responsive 
to x-ray radiation that pass es through ;he object 
lor converting the x-ray radiation into electro- 
magnetic radiation having wavelengths thai are 
suitable for conversion into photo-induced 
charge by i'xiividual pixels of the CCD array. 

generating clocking pulses for reading out dark 
current charge from within individual pixels of 
the CCD array; 

generating a signal for indicating a beginning 
of an x-ray exposure of the object: 

in response to the generation of tne signal, ter- 
minating the generation of the clocking pulses 
during the x-ray exposura so as to enable the 
accumulation of photo-induced charge within 
individual pixels of the CCD array; 

in response to a termination of the x-ray expo- 
sure, initiating the generation of the clocking 
pulses; and 

roacing out tne photo-* ncucec charge from 
with-n individual p*xeis of the CCD array. 

10. A meihod as sot forth in claim 9 wherein the CCD 
an ay it partitioned into a piural.ly of sub-arrays, and 
wherein the stop ol reading out the photo-induced 
charge reads out the charge in parallel from each 
ol the sub-arrays. 

11. Amethod asset forth in claim 9 and farther including 
the steps ol: 

converting withir. the cassette the read out 
photo-induced charge from each pixel to a dig- 



ital representation of the magnitude of the 
charge, and 

transmitting thedigrtal representations from the 
5 cassette to a digital storage device. 

12. Amethcdas set forth in claim 9 and further including 
the steps cf: 

10 converting within the cassette the road out 

photo- induced charge from each pixel to a dig- 
ital representation of the magnitude of the 
charge; and 

15 transmitting the digital representations from the 

cassette to a display device for displaying an 
image corresponding to the read out photo- 
incuced charge. 

20 13. A system for obtaining an x-ray of an object, com- 
prising: 

an electronic cassette containing at least one 
uncooled two dimensional CCD array having a 
25 radiation receiving surface thai is optically cou- 

pled to an output of a materia! that is responsive 
to x-ray radiation that passes through the object 
for converting the x-ray radiation into electro- 
magnetic radiHtion having wavelengths that are 
50 suitable for conversion into photo-induced 

charge by individual pixels of the CCD array; 

means for outputting a 6ignal for indicating a 
beginning of an x-ray exposure of the object; 
£5 and 



means for generating clocking pulses for read- 
ing out dark cuirent charge f;om within individ- 
ual pixels ol the CCD array, said generating 

^0 means being resoonsiveio the outputttng of the 

signal for terminating tne generation of the 
clocking pulses Curing the x -ray exposure so us 
to enablo the accumulation of photo induced 
charge wiihi n individual pixel 6 of the C C D array, 

45 said generating means being lurther respon- 

sive to a termination of the x-ray exposure for 
initiating the generation of the clocking pulses 
for reading out the photo-induced charge I ram 
within individual pixels ol the CCD airay. 

so 

14. A system as set forth in claim 13 'wherein the CCD 
array is partitioned into a plurality of sub-arrays, and 
wherein the photo-induced charge -s read out in 
paralel from each of the sub-arrays. 

ss 

15. A system as set forth in claim 13 and further com- 
pnsing: 
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oiersns for converting, within the electronic cas- 
sette, Ihe read out photo-induced charge fiom 
each pixol to a digital representation ol the 
magnitude of ihe charge: and 

5 

means for transmitting tho digital representa- 
tions from the electronic cassette to a digital 
storage device. 

16. A system as sot forth in claim 13 and further com- T <> 
prising: 

means tor converting, within the electronic cas- 
selie. the read oul photo -induced charge from 
each pixel to a digital iep.'osentation of the *s 
magnitude of the charge: and 

means for transmitting the digital representa- 
tions I rem ihe electronic cassette to a display 
device tor displaying an image corresponding 20 
to the read out photo-induced charge. 

17. A system as set forth in claim 13 and further com- 
prising a bias cut fiber optic faceplate that is inter- 
posed t>etween said material and said radiation 2s 
receiving surface of said CCD airay for guiding the 
light thereto with a substantially 1:1 imaging ratio. 

18. A system as set forth in claim 1 3 wherein there are 
a plurality ol said uncooled t*o dimensional CCD 
arrays that are cbsely abutted one to another for 
forming a substantially continuous image corre- 
sponding to an x-ray radiation transmission profile 
of the object. 
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